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ABSTRACT 
 
The E. coli tls-1 mutated aspS gene (coding for aspartyl-tRNA synthetase) which causes a 
temperature-sensitive growth phenotype, was cloned by PCR, sequenced and shown to contain 
a single mutation resulting in substitution by serine of the highly conserved proline 555, located 
in motif 3. An aspS fragment spanning the codon for proline 555, when transformed into the tls-
1 strain, was shown to restore the wild type phenotype via homologous recombination with the 
chromosomal tls-1 allele. The mutated AspRS purified from an overproducing strain displayed 
marked temperature sensitivity with half-life values of 22 and 68 minutes (at 42°C) respectively 
for tRNA aminoacylation and ATP/PPi exchange activities. Km values for aspartic acid, ATP and 
tRNAAsp did not significantly differ from those of the native enzyme; thus, mutation Pro555Ser 
lowers the stability of the functional configuration of both the acylation and amino acid 
activation sites but has no significant effect on substrate binding. This stability decrease appears 
to be related to a conformational change as shown by gel filtration analysis. Structural data 
strongly suggest that the Pro555Ser mutation lowers the stability of the Lys556 and Thr557 
positions, these two residues as shown by the crystallographic structure, being involved 
respectively in the active site and in contacts with the tRNA acceptor arm.   
 
 
INTRODUCTION 
 
 The aminoacyl-tRNA synthetases (aaRS) are a family of enzymes which play a crucial role 
in maintenance of the translation fidelity of the genetic message into proteins: they catalyze, in 
a two-step reaction, the esterification of an amino acid to the 2' or 3'-hydroxyl group of the 3' 
terminal adenosine of the cognate tRNA. The enzymes are believed to be among the earliest 
proteins to have arisen and their evolutionary history is closely associated with the 
development of the genetic code. Despite their similar substrates and mechanism of action, 
aaRS present remarkable diversity in terms of size, amino acid sequence, subunit size and 
quaternary organization. But based on mutually exclusive sets of sequence motifs and catalytic 
domain structures, aaRS could be partitioned into two distinct classes (1, 2). Class I enzymes are 
characterized by a catalytic domain corresponding to a Rossmann nucleotide binding fold (3); it 
contains the two signature peptides, HIGH (4) and KMSKS involved in catalysis and substrate 
binding (5). Class II displays a peculiar folding topology as the core design of its active site 
region; it consists of a six stranded anti-parallel b sheet flanked by two a-helices (2, 6). Three 
signature motifs common to this class are present in this domain. The class partition also 
correlates with a catalytic difference in the primary site attachment of the amino acid to the 3' 
end of the tRNA: all class I aaRSs attach their amino acid to the 2' hydroxyl group, whereas class 
II aaRSs (with the exception of PheRS) bind their amino acid to the 3' hydroxyl group of the 
ribose of the terminal adenosine (1). 
 The structure-function studies of these enzymes benefit from the combination of 
genetic, biochemical and structural approaches. Site directed mutagenesis is an efficient and 
convenient method largely used to evaluate function of any residues in the protein. Specific 
domains, like amino acid binding sites, may be investigated, as was done in the case of PheRS 
(7), SerRS (8), and ArgRS from E. coli (9) by characterization of mutant strains resistant to amino 
acid analogues. Another valuable strategy for identifying functional elements involved in 
catalysis is selection and analysis of mutations in aaRSs, leading to auxotroph or temperature 
sensitive phenotypes; in addition, these conditional mutants may afterwards be used in genetic 
systems to screen for functional elements of enzymes. 
 Some years ago, a mutant of E. coli K12, tls-1, was identified that exhibited a 
temperature sensitive growth phenotype in low salt media (10, 11). DNA fragments alleviating 
the temperature-sensitivity of a tls-1 strain (CS143) were cloned and sequenced. This revealed 
that the tls-1 mutation was an allele of aspS, the gene coding for aspartyl-tRNA synthetase (12) 
and was located in the DNA part coding for the carboxy-terminus of AspRS (11). In this paper, 
we characterized the tls-1 mutation by PCR amplification, cloning and sequencing, and analyzed 
the kinetic properties of the corresponding mutated AspRS. Furthermore, we established that 
restoration of the wild type phenotype of CS143 by plasmidic DNA, encoding a C-terminal region 
of AspRS (11), was not affected by the corresponding expressed protein but relied on a double 
homologous recombination event. 
 
MATERIALS AND METHODS 
 
Bacterial strains, media and growth conditions 
Escherichia coli was grown in LB medium or in low salt LB medium (0.5 g/l NaCl) containing 
ampicillin at 50 µg/ml when required. E. coli AB1157 [F- thi-1 hisG4 D(gpt-proA)62 argE3 thr-1 
leuB6 kdgK51 rfbD1 ara-14 lacY1 galK2 xyl-5 mtl-1 supE44 tsx-33 rpsL31 (13)] was grown at 37°C 
or 42°C in low salt LB medium whereas E. coli CS143 (strain isogenic to AB1157, carrying the tls-
1 mutation) was grown at 30°C in the same medium. Growth rates were determined in 
temperature-controlled spectrophotometer cuvettes containing 1.6 ml medium (stirred with a 
magnet bar) by continuous absorbance measurement at 700 nm in a Kontron Uvikon 
spectrophotometer.  
 
Characterization of the tls-1 mutation by PCR cloning and sequencing 
DNA from strains AB1157 and CS143 were obtained from single colonies suspended in 50 ml of 
sterilized distilled water, vigorous shaking for 3 minutes followed by incubation at 37°C for 15 
minutes. Two ml of this mixture was used as DNA template in the PCR reaction. The reaction 
mixture also contained 100 mM Tris-HCl, pH 8.3, 100 mM MgCl2, 200 mM KCl, 0.75 mM of each 
deoxynucleoside triphosphate, 1U of Taq DNA polymerase and 1mM of each of the following 
oligonucleotide primers: (called A and B in Fig. 1)  
5' GGCGTAGAGTCTGAATTCAGGCCCGATATA 3' and  
5' GTGTATTTGAAGCTTATCAGTTATTCTCAG 3' that flanked the aspS gene and which respectively 
contained an EcoRI and HindIII restriction site (underlined). The reaction mixture was 
transferred to a programmable heating block (Dry-Block, Osi), heated to 92°C for 1 min to 
denature the genomic DNA and then to 50°C for 1 minute for primer annealing; primer 
extension steps were performed at 72°C for 2 minutes. The denaturation-annealing-extension 
cycle was repeated 25 times under the same conditions. The PCR products were fractionated on 
a 0.8% agarose gel. The 1.9 kb fragments corresponding to the expected size between the 
primer annealing sites flanking the aspS gene were cut out of the gel and purified with 
Geneclean II. These fragments were cut at their EcoRI and HindIII sites and cloned into the 
corresponding restriction sites of the polylinker of pBluescriptII SK+. Recombinant plasmids 
were sequenced using appropriate oligonucleotides derived from the wild type aspS DNA 
sequence. The C-terminal fragments of the aspS and aspS(tls-1) genes were subcloned as 496 bp 
PstI-HincII DNA fragments (from +1379 to +1875) between the PstI and SmaI sites of 
pBluescriptII SK+.  
 
Purification and kinetic properties of the mutated Pro555Ser AspRS 
The mutated Pro555Ser enzyme was overproduced in strain CS143 from paspS(tls-1). The crude 
extract from a 500 ml culture of the transformant strain grown at 37°C in LB medium, (100 
mg/ml ampicillin) up to a OD of 2 at 700 nm, was prepared as previously described (14). After 
centrifugation at 105,000 X g for 120 min, the extract (about 35% of the protein was the 
Pro555Ser AspRS) was dialyzed overnight at 4°C against 50 mM Tris-HCl pH 8, 0.1 mM EDTA, 1 
mM MgCl2, 5 mM b-mercaptoethanol, 20% glycerol (buffer A). The Pro555Ser protein was 
purified from other proteins in one step by HPLC on a TSK 2SW DEAE column (diam = 4.6 mm, h 
= 250 mm). About 20 mg of crude extract proteins were loaded at a time, on a column 
previously equilibrated with a solution containing 93% 20 mM potassium phosphate pH 7.5 and 
7% 1 M potassium phosphate pH 6.5. After a 15 ml wash with the latter buffer, elution was 
carried out by linearly raising the 1 M potassium phosphate pH 6.5 up to 25% over 30 min. Flow 
rate was throughout 1 ml/min. Fractions presenting AspRS activity were pooled and dialyzed 
against buffer A 60% in glycerol. Wild-type AspRS was purified by the same protocol except that 
overproduction was performed in strain AB1157 transformed by paspS. After these steps, both 
proteins appeared homogeneous on SDS polyacrylamide gel electrophoresis.  
 Aminoacylation activity of the purified enzymes was assayed by adding 10 ml of the 
appropriately diluted enzyme solution to 90 ml of the following reaction mixture: 100 mM Tris-
HCl pH 7.5, 30 mM KCl, 10 mM ATP, 22 mM MgCl2, 5 mM glutathione, 0.1 mg/ml bovine serum 
albumin, 0.1 mM [14C] aspartic acid (25,000 dpm/nmol) , 10 mg/ml of unfractionated E. coli 
tRNA. At constant time intervals of incubation at 37°C, 20 ml of the reaction mixture were 
assayed for [14C] aspartyl-tRNAAsp by the method previously described (15) and initial rates 
determined. The Km values for aspartic acid, ATP and tRNAAsp in the aminoacylation reaction 
were determined by varying the concentration of the assayed substrate over a 10-fold range. 
 The AspRS activity in the amino acid activation step was measured by the ATP/PPi 
exchange rate. The reaction mixture (100 µl) contained 100 mM Hepes (sodium salt) pH 7.2, 10 
mM MgCl2, 2 mM [32P]PPi (1-2 cpm/pmol), 2 mM ATP, 10 mM aspartic acid and 10 mM KF. The 
reaction was started by enzyme addition and, after various incubation times at 37°C, 50 ml was 
removed and measured for synthesized [32P]ATP, treated and counted as described (16).  
 
 
RESULTS AND DISCUSSION 
 
Analysis of the mutated aspS gene by PCR, cloning and sequencing  
The DNA from the mutated strain CS143 and the control strain AB1157 were prepared and 
subjected to PCR amplification in order to isolate the aspS(tls-1) mutation (see Materials and 
Methods). Sequencing of the cloned PCR products revealed that the DNA of aspS(tls-1) differs 
from the wild type aspS by a single mutation which is located, as previously established (11), in 
the aspS region coding for the C-terminal part of the protein. It consists of a replacement of 
C1663 by a T resulting in substitution of the conserved proline 555 of motif 3 by serine.  
 
Growth of the tls-1 strain and derivatives transformed by plasmidic forms of aspS, aspS(tls-1) 
and a C-terminal fragment of aspS or aspS (tls-1) 
Growth rates of bacterial cells were determined by continuous absorbance measurements in 
temperature-controlled cuvettes (see Materials and Methods). All cultures were started by 
inoculating the medium with an overnight culture to 0.045 optical density (OD) at 700 nm. As 
shown in Fig. 2, linear growth rate (DOD per hour) of the tls+ AB1157 strain at 42°C in low salt 
LB medium is about 0.3/h whereas growth of CS143 (AB1157tls-1) is reaching a plateau of about 
0.3 OD already after a 3 hours incubation period (Fig. 2). This plateau effect disappeared when 
incubating at 30°C, linear growth rates being in that case 0.12/h and 0.21/h respectively for 
CS143 and AB1157 (data not shown). Suppression of the temperature sensitive phenotype 
restoring growth rate to a level corresponding to those of the tls+ control strain AB1157, is 
obtained by transformation of CS143 with the multicopy pBluescriptII SK+ containing either aspS 
or, surprisingly, aspS(tls-1) (paspS and paspS(tls-1) respectively) (Fig. 2). Clearly, the mutated 
AspRS retains some activity at 42 °C as shown by the ability of aspS(tls-1) to compensate for the 
ts phenotype at a high gene dosage. Whether higher degradation rate or lower activity of the 
mutated enzyme at 42°C are responsible for the growth limiting AspRS activity within CS143 
remains to be established. Concerning the previously mentioned ts phenotype 
complementation (11) by the C-terminal 496 bp PstI-HincII fragment from aspS (hereafter called 
aspS-C) complementation was not observed within the 3 hours period where growth was 
monitored (see the curve corresponding to paspS-C in Fig. 2). Significant OD increase only 
appeared after a 6-8 hours incubation of CS143 transformed by paspS-C. This behaviour will be 
examined in a following section. Noticeably, no restoration of the CS143 cell viability was 
obtained in the presence of paspS-C(tls-1) (paspS-C(tls-1) contains the C-terminal 496 bp PstI-
HincII fragment from aspS(tls-1)).   
 
Complementation of CS143 by the aspS C-terminal domain is due to double homologous 
recombination with chromosomal aspS(tls-1) 
As mentioned before, Sharples et al. (10, 11) showed that pUC18 carrying a fragment encoding 
the C-terminal region of AspRS (aspS-C) complements the ts phenotype of CS143. At first glance, 
this appeared to be clear evidence that the C-terminal region of AspRS either alone or in a 
heterodimeric association with the mutated AspRS monomer possessed some activity. 
However, since the C-terminal fragment is lacking essential domains for catalysis, preference 
was given to the hypothesis of the active heterodimer (11). In fact, all our attempts failed to 
isolate this heterodimer from a CS143 transformant co-overproducing the Pro555Ser mutated 
AspRS and the C-terminal fragment of AspRS. However, we noticed that the growth rate curve 
at 42°C of the CS143-paspS-C transformant in liquid low salt LB medium was quite similar, in a 
first stage, to growth rate of CS143 (Fig. 2). Complementation only appeared after a 6-8 hours 
incubation time. In addition, it was observed that when incubating the CS143-paspS-C 
transformant for 18 hours at 42°C on low salt LB-agar plates containing ampicillin (conditions 
under which complementation have been observed), the bacterial lawn observed was not 
uniform but composed of separate colonies (Fig. 3). Bacteria from these colonies displayed a 
tls+ phenotype at 42°C on low salt LB agar plates (data not shown) as well as in low salt LB 
broth. This was clear evidence that complementation of the thermolabile phenotype of CS143 
by paspS-C was resulting from homologous recombination between the chromosomal aspS(tls-
1) and the plasmidic C-terminal fragment. This was confirmed by sequencing the genomic aspS 
DNA of the revertant cells (prepared by PCR, as previously described) showing that it was 
identical to the wild type AspRS gene, having a proline at position 555. Lastly, and as expected, 
the paspS-C(tls-1) encoding the C-terminal mutated fragment was unable to compensate for the 
ts phenotype of CS143.    
 
Kinetic analysis of the mutated Pro555Ser protein 
The mutated Pro555Ser AspRS as well as the native AspRS was overproduced, purified and their 
kinetic parameters determined as described in Materials and Methods.   
 First it was observed that the acylation activity of the mutated AspRS differed from one 
preparation to another and decreased with time over storage. In none of the cases did enzymes 
display more than 45% of the wild type enzyme activity (18 sec-1) after purification (Table 1). 
This instability was demonstrated by comparing the thermal stability of Pro555Ser mutated 
AspRS to that of the native enzyme. The proteins were incubated at 42°C and after various time 
intervals, aliquots were tested both for ATP/PPi exchange and aminoacylation activity. 
Aminoacylation activity of the mutated enzyme decreased in a monomolecular reaction mode 
and was reduced by half after 22 min incubation whereas the wild type enzyme retained its full 
activity during this time interval (Fig. 4). Noticeably, ATP/PPi exchange is also inactivated at 42 
°C, although with about a three-fold slower rate than acylation (Fig. 4). The existence of 
different rates suggests that inactivation of the two catalytic steps proceeds by two separate 
processes. Assuming they occur by an ordered mechanism this would imply that acylation is 
abolished first and at a higher rate than the ATP/PPi exchange activity. Concerning the first 
order reaction mode of the activity decrease (ending in a completely inactive enzyme), it 
typically indicates that inactivation is occurring in a one step process consisting in a shift of the 
enzyme from its full active state to an inactive state. Thus, drop of activity would in fact reflect 
the concentration drop of the active enzyme species. As shown in table 1, mutation P555S has 
no effect on Km values for tRNA, ATP and aspartic acid. These parameters indeed correspond to 
the one of the active form of the enzyme, Km values for the inactive species being not 
measurable. The measured apparent kcat values have a more complex signification, in that they 
not only reflect the relative amount of active and inactive molecules present, but also may 
account for a possible effect of the mutation on the catalytic efficiency of the active species or 
for changes on a rate limiting step, if existing. From these results it obviously may not be 
decided to which parameter change (kcat, Km or both) may be attributed inactivation of the 
mutated enzyme upon heating. Whatever the reasons, the net result of the Pro555Ser mutation 
is to lower the stability of the active configuration of both, the amino acid activation and the 
tRNA acylation catalytic sites. It is worth noting that reducing agents like b-mercaptoethanol did 
not protect the mutated AspRS against heat inactivation (data not shown), showing that the 
latter is not an oxidation mediated process. Likewise, no protection was observed when the 
mutated enzyme was incubated at 42°C in the presence of tRNAAsp, suggesting that tRNA is not 
strongly interacting with regions destabilized by the Pro555Ser mutation. This is consistent with 
the fact that the Pro555Ser mutation had no effect on the tRNAAsp Km value. Lastly, we 
observed (data not shown), that the growth rate of CS143 at 30°C is about twice as fast in 
standard LB medium than in medium containing low salt concentrations (0.5 g/l NaCl). This salt 
effect may be due to stabilization of the Pro555Ser functional conformation (and by 
consequence to an increase of the active enzyme molecules within the cell). However, no 
significant difference was observed between inactivation rates of the purified mutated enzyme 
when heated in the presence of high or low salt concentrations (data not shown). A more likely 
explanation of this salt effect relies on the fact that ions are strictly required for tRNA acylation 
catalysis. In the case of the E. coli aspartylation reaction, the optimal salt concentration is about 
30 mM NaCl (12) (the low salt LB medium contained only 8.5 mM). If considering, as may 
reasonably be assumed, that the level of functional AspRS molecules is limiting within CS143 at 
42°C (due to the important inactivation rate of the Pro555Ser protein at that temperature), it 
seems clear that under these conditions CS143 growth rate has to be sensitive to under optimal 
salt concentrations. A second possibility is related to the fact that low levels of AspRS activity in 
vivo may significantly restrict protein synthesis, the consequences being limiting amounts of 
strategic proteins, decoding errors or immature translation products. Thus, it may be that, due 
to such dysfunctions, proteins playing a pivotal role in cell division became sensitive to ionic 
strength. 
 
Structural interpretation of thermosensitivity 
Sequence alignments of class II aaRS point to the functional importance of Pro555. This amino 
acid is one of the highly conserved residues characterizing motif 3 common to all class II aaRS 
(1) and which was shown to be involved in the active site organization of these enzymes (17). 
Moreover, the C-terminal region of AspRS where Pro555 maps, was shown to interact with the 
N-terminal part of the other subunit, thereby contributing to dimer stability (Eiler and Moras, 
personal communication). Studies on yeast AspRS concluded that the a2 conformation common 
to most class II aaRS, is a prerequisite for activity of these enzymes (18): structural constrains 
resulting from contacts at the subunits interface participate to the functional folding of the 
active center. Noticeably, deletion of 5 residues from the C-terminus of yeast AspRS (comprising 
the Pro residue isosteric to Pro555 in E. coli) besides markedly affecting the acylation activity, 
also confers thermosensitivity to this enzyme (19). Taken together, these observations would 
suggest that the Pro555Ser mutation is impairing the integrity of structural elements directly or 
indirectly (via interface interactions) contributing to the stability of the enzyme active center. 
The existence of a significant structural change upon Pro555Ser mutation is supported by gel 
filtration analysis of Pro555Ser mutated protein on a TSK 3000 HPLC column. Fig. 5 shows that 
the thermosensitive enzyme elutes from the column as a protein with a 10 kD higher apparent 
MW as compared to the native enzyme. Noticeably, no appreciable difference was observed 
between the chromatographic behaviors of the 35% active and completely heat inactivated 
mutated enzymes, indicating that the observed conformational change had already occurred 
upon Pro555Ser mutation. The possibility that the change in structure is progressive until a 
major shift to a single inactive species occurs, may be excluded. Indeed, in that case the active 
material would be distributed over a broad band during elution. This was not observed, since 
fractionation of identical amounts of the 38% active or inactive mutated enzymes resulted in 
strictly identical absorption profiles (Results not shown). The molecular bases of the critical role 
Pro555 is playing in stability of the enzyme catalytic center, may tentatively be assessed from 
structural data of E. coli AspRS complexed with tRNAAsp and AMP-PCP (Moras and Eiler, 
unpublished results). The structure of the complex was determined by molecular replacement 
using the structure of the yeast homologous complex as starting model. It is presently refined to 
a R value of 0.19 for data in the resolution range 9 - 3.5 Å and without outliers in the 
Ramachandran diagram. It appears that within a distance of 10Å, Pro555 is surrounded by four 
domains, three of them from the same monomer and one from the other subunit (Fig. 6). Inside 
the monomer, Pro555 is in sandwich between: (a) a helix-loop-helix motif located in the hinge 
region residues 118 to 129, a domain which links the N-terminal part of the protein to the C-
terminal part and is involved in tRNA binding and (b) the central loop of motif 2 residues (221 to 
229). At the back, Pro555 is in contact with residues 134 to 141, part of a long a-helix involved in 
AspRS dimerization. In the other subunit, Pro555 is very close to residues 163 to 165 located in a 
loop at the end of motif 1.  
 Key interactions include: (a) residues located in the loop of motif 2. The main chain of 
Gln 226, less than 4 Å of Pro555, forms two H-bonds with the adenosine of AMP-PCP, an ATP 
analog (NH ... N1 and CO ... N6); (b) residues located immediately after Pro555. The side chain of 
Lys556 binds to the main chain of Leu165 of the other subunit. Additional intra-subunit 
interactions occur between the protein and the tRNA: Thr557 binds to the phosphate backbone 
of U68 and Thr558 to U69. Any perturbation at this level, such as Pro555Ser mutation, would 
certainly influence the local conformation.  
 It is reasonable to assume that the Pro555Ser mutation induces conformational 
modifications which might result in lower stability of the Lys556 and Thr557 positions. One may 
hypothesize that after having shifted to a more stable energy state, these residues will no longer 
be able to interact at the subunit interface or with the tRNAAsp acceptor helix. As mentioned 
before, changes at the dimer interface may impair the active site and consequently may be 
responsible for the thermosensitivity of the activation step. The loss of interactions with U68 
and U69 seems the main factor responsible for abolition of the enzyme charging capacity, 
enzyme contacts with the end of the acceptor stem being crucial for properly configuring the 
acylation transition state.  
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LEGENDS AND FIGURES 
 
 
 
 
Figure 1 Map of the DNA fragment containing the gene coding for aspS (or aspS(tls-1)). Positions 
of the upstream (A) and downstream (B) priming oligonucleotides for PCR with their respective 
cloning restriction sites (EcoRI and HindIII) are shown. The arrow on the PstI-HincII fragment 
(called C or C(tls-1) if mutated) indicates position 1663 which after mutation from C to T results 
in substitution of proline by serine; this fragment was ligated into pBluescriptII SK+, 96 
nucleotides downstream of the initiation codon and in frame with the gene coding for b-
galactosidase, to obtain pBluescriptII SK+C orC(tls-1)(paspS-C or C(tls-1)). 
 
 
 
 
 
Figure 2 Growth at 42°C in low salt LB medium of the tls+ and tls-1 strains (AB1157 and CS143 
respectively) and their transformants containing pBluescriptII SK+, paspS, paspS(tls-1), paspS-C.  
At time zero, 1.8 ml samples of low salt medium were inoculated from an overnight culture in 
LB at 30°C to an absorbance of 0.045 (700 nm), and growth was monitored by continuous 
absorbance measurement at 700 nm over the period indicated.     
 
 
 
Figure 3 Growth properties of the CS143 strain transformed by paspS-C (A), pBluescriptII SK+ 
(B), paspS(tls-1) (C) and paspS-C(tls-1) (D) on low-salt LB plates at 42°C. A single colony 
corresponding to each of the different transformants grown at 30°C on LB plates containing 
ampicillin, was picked to inoculate 1 ml of LB broth containing ampicillin. After overnight 
incubation at 30°C, 10 ml from each sample were streaked on a low-salt LB plate containing 
ampicillin and incubated for one day at 42°C.  
 
 
 
Figure 4 Heat inactivation curves of native AspRS and the Pro555Ser mutated enzyme for amino 
acid activation and acylation activities. Native AspRS (squares) and Pro555Ser (triangles) were 
incubated at 42°C in 50 mM Tris-HCl pH 7.5, 30 mM KCl, 1mg/ml bovine serum albumin. At 
various time intervals, aliquots were withdrawn and tested for acylation (dark squares and 
triangles) and amino acid activation activities (open squares and triangles) according to 
procedures described in Materials and Methods.  
 
 
Figure 5 Chromatographic behavior of Pro555Ser enzyme on a gel filtration column. Elution of 
the HPLC gel filtration TSK3000 SW column (0.75 cm x 30 cm) was performed at 25°C by a 
solution 50 mM Tris-HCl pH 7.5, 100 mM NaCl, at a flow rate of 0.5 ml/min. The points on the 
calibration curve correspond to: A, bovine serum albumin, dimer (Mr = 1 36,000); B, Pro555Ser 
protein from E. coli; C, AspRS from E. coli (Mr = 122,000);  D, bovine serum albumin, monomer 
(Mr = 68,000); E, ovalbumin (Mr = 45,000).  
 
 
 
Figure 6 Stereo view of the Pro555 region in the E. coli AspRS-tRNAAsp complex. The tRNA 
molecule is represented in blue, the protein in gold and AMP-PCP as well as Pro555 in red. 
AspRS from the other subunit is shown in grey. 
Some distances: 
Pro555 ... Pro 555 (other monomer) = 30 Å 
Pro555 ... AMPPCP (same monomer) = 11 Å 
Pro555 ... tRNA (same monomer) = 9 Å 
 
 
Table 1 Kinetic parameters in the aminoacylation reaction of AspRS and of two Pro555Ser 
enzymes respectively having 45 % (A) and 11 % (B) acylation activity as compared to the wild 
type enzyme. kcat values were calculated for saturating concentrations of aspartic acid. nd: not 
determined. 
 
 Kcat (sec-1) Km (µM) 
 ATP Asp tRNAAsp 
Native AspRS 18 90 60 0.6 
Pro555Ser (A) 8 95 70 nd 
Pro555Ser (B) 2 80 50 0.5 
 
